A 13-year-old boy with a medical history of MAS, thrombocytopenia and GPS, meningiomatosis, recurrent epistaxis, and biliary atresia status after a failed Kasai A 13-year-old boy with meningiomatosis, McCune-Albright syndrome, and gray platelet syndrome presented with an enlarging "lump" on his right forehead. A head CT scan revealed a polyostotic fibrous dysplasia involving the entire skull. A 3.4-cm right frontal osseous cavity and an overlying right forehead subcutaneous soft-tissue mass were seen, measuring 5.2 cm in diameter and 1.6 cm thick. Ultrasound of the cavity and overlying mass showed swirling of blood and an arterialized waveform. MRI revealed an en plaque meningioma underlying the cavity. An intraosseous pseudoaneurysm fed by 3 distal anterior division branches of the right middle meningeal artery (MMA) with contrast extravasation was found on angiography. Two MMA feeders were embolized with Onyx, with anterograde filling of the intraosseous cavity with Onyx. A small pocket of residual intracavity contrast filling postembolization from a smaller third MMA feeder eventually thrombosed and the forehead lump regressed.
M
iddle meningeal artery (MMA) aneurysms are very rare and most are traumatic in etiology. Twenty-seven cases of nontraumatic MMA aneurysms have been reported to date. 1, 2, [5] [6] [7] [12] [13] [14] [15] [16] [17] [18] [19] [20] 22, [24] [25] [26] [27] [28] [29] [30] 34, 35, 37, 38 They may present with intracranial hemorrhage or may be discovered incidentally. Many MMA aneurysms have occurred in association with high-flow states, such as Paget's disease, 5, 24 dural arteriovenous fistulas and arteriovenous malformations, 2, 13, 14, 27, 29 moyamoya disease, 7, 16, 28 and meningiomas. 19, 22, 25 Others have occurred in the setting of a cavernous hemangioma of the skull, 26 posterior cerebral artery occlusion, 35 neurofibromatosis Type 2, 20 and after aneurysm coiling. 17 In some cases, no associated disease process was found. 6, 30, 37, 38 Formation of an MMA aneurysm has not been previously described in the setting of McCune-Albright syndrome (MAS) or gray platelet syndrome (GPS). Both surgical and endovascular treatment of nontraumatic MMA aneurysms have been reported with success; however, the optimal management of these aneurysms is not established.
We describe the development of a pseudoaneurysm of the MMA with pseudoaneurysmal filling of an intraosseous cavity in the frontal bone of a patient with a multiplicity of potential etiological factors, including intracranial meningiomatosis, MAS, and GPS. We also describe successful treatment of the pseudoaneurysm using superselective Onyx-34 liquid embolic system embolization of feeding MMA branches as well as of the intraosseous cavity itself.
(portoenterostomy) procedure, was brought into an outside primary care physician by his parents with a slowly enlarging "lump" on his right forehead. The mass had progressively increased in size over the previous 4 weeks. No antecedent trauma to the area was reported. He denied pain, tenderness, pressure sensation, or headaches. There had been no seizures, loss of consciousness, nausea, vomiting, or personality change. Because of GPS, the patient had also needed multiple platelet transfusions, especially in the setting of orthopedic surgery. Apart from an antibiotic course for recent pneumonia, the patient was not taking any medications, with the exception of having taken a bisphosphonate in the past. His cognitive development has been normal. He attends school and lives with his parents. Physical examination revealed short stature, limb deformities, and cherubic face characteristic of MAS. A 3-cm swollen raised area of skin was noted over the right forehead ( Fig. 1A and B) . The forehead lesion was soft, boggy, and nontender to palpation. A bruit was heard over the lesion on auscultation. The patient was neurologically intact.
At an outside hospital, an initial noncontrast head CT scan revealed a polyostotic fibrous dysplasia involving the entire skull. The CT scan also revealed a large right frontal osseous cavity with slightly irregular but well-defined borders within a thickened frontal bone, measuring 3.4 × 3.0 × 3.1 cm (Fig. 2) . The density within the cavity measured 45 HU. A focal 3-mm dehiscence of the inner table and a 27-mm-wide defect in the outer table were noted. A large soft-tissue density mass was noted extending out of the right frontal osseous cavity into the overlying right forehead subcutaneous tissue, measuring 5.2 cm in maximal diameter and 1.6 cm in thickness. Multiple smaller additional osseous cavities were seen throughout the skull and skull base. Ultrasonography of the right frontal mass was performed, which revealed swirling of blood within the mass with an arterialized Doppler waveform (Fig. 2) . Because of the visualized flow, no biopsy was performed. Multiple meningiomas were also noted on head MRI, with an en plaque meningioma underlying the right frontal osseous cavity (Fig. 2) .
The patient was transferred to our institution for further angiographic workup of the right frontal lesion and possible endovascular and/or neurosurgical treatment. On admission, the patient's platelet count was 21 × 10 9 /L. The patient underwent platelet transfusion to achieve a platelet count of > 50 × 10 9 /L. A diagnostic cerebral angiogram revealed a right frontal intraosseous pseudoaneurysm fed by 3 distal frontal anterior division branches of the right MMA with extravasation of contrast into the intraosseous cavity (Fig. 3) . No venous drainage from the cavity was seen. In addition, multifocal areas of beading likely representing tiny aneurysms/pseudoaneurysms and dysplastic changes were seen in multiple anterior division branches of the right MMA, including the branches feeding the pseudoaneurysm.
During angiography, significant left lung consolidation was noted in the absence of a left mainstem bronchus intubation. In addition, the anesthesia team noted a significant oxygen requirement. This was likely due to a chronic pneumonia, confirmed by the patient's parents. After consultation with our neurosurgical and pediatric neurology colleagues, the decision was made to treat the pseudoaneurysm endovascularly. The treatment was initially postponed to allow time for the patient's pneumonia to improve.
Operation
The forehead mass slowly enlarged over the following 8 days, and small focal areas of skin breakdown developed on the overlying scalp. Given the patient's history of thrombocytopenia and GPS, urgent endovascular embolization was performed. He received a transfusion of platelets to achieve a platelet count of > 75 × 10 9 /L. Written informed consent was obtained from the patient's parents for angiography and embolization. Under ultrasound guidance, a 5-F vascular sheath was placed in the left common femoral artery. A 5-F UCSF2 catheter (Codman) with a 0.035-in Bentson guidewire (Cook Medical) was used to select the right external carotid artery under fluoroscopic and roadmap guidance. Digital subtraction angiography (DSA) of the right external carotid artery confirmed the persistence of the right frontal intraosseous pseudoaneurysm with contrast extravasating into the cavity. No venous drainage was seen.
An eV3 Apollo microcatheter (eV3) was prepared with a Synchro-10 microwire. Under fluoroscopic and roadmap guidance, the microcatheter and microwire were used to selectively catheterize a distal frontal anterior division branch of the right MMA supplying the intraosseous pseudoaneurysm. After confirmation of the desired position and lack of anastomotic connections to the ophthalmic artery, the catheter was slowly flushed with 0.25 ml of dimethyl sulfoxide. Under roadmap mask guidance, 4 vials of Onyx-34 (eV3) were used to embolize 2 of the 3 distal right frontal MMA branches supplying the pseudoaneurysm. Onyx was allowed to flow anterograde from MMA feeders and fill the intraosseous cavity dependently. The microcatheter was then slowly removed and the distal 1.5-mm detachable tip of the Apollo catheter remained within the right MMA branch. Postembolization angiography demonstrated a small residual pocket of slow contrast filling in the deepest recess of the right frontal intraosseous cavity, supplied by the third right MMA branch. Several superficial temporal artery intraosseous collaterals from/ to this third MMA branch were noted. This small area of residual contrast filling within the cavity was believed to likely thrombose without further treatment because of its small size, slow filling, and persistence in the venous phase on angiography (indicating stasis of blood). In addition, superselective distal catheterization of the remaining MMA feeder was thought to be challenging anatomically. No further embolization was therefore undertaken, and the patient's received a platelet transfusion to maintain a platelet count > 75 × 10 9 /L to augment thrombosis of the small residual cavity. There were no iatrogenic complications during the procedure. The patient was transferred to the pediatric intensive care unit for observation. He remained neurologically unchanged.
Postoperative Course
No further enlargement or bleeding of the right frontal mass was observed during the remainder of the hospitalization. Repeat ultrasonography with color Doppler interrogation performed at 24 and 72 hours after embolization demonstrated no residual flow within the right frontal lump and only a small pocket with residual arterialized flow in a deep pocket of the cavity near the inner table of the skull corresponding to the residual pocket seen at the conclusion of the embolization procedure. The patient received a platelet transfusion to keep his platelet count above 75 × 10 9 /L for 48 hours. The patient's forehead mass, in the interim, had subjectively begun to regress. The patient was discharged on postprocedure Day 6. In subsequent clinic follow-up, although the mother noted the forehead lump had markedly decreased in size over the weeks following the procedure, the forehead lump recurred and reached a similar size to the initial presentation 2 months later. A follow-up ultrasound at this time showed residual pseudoaneurysmal filling at the superolateral margin of the cavity. At 3 months after the initial Onyx embolization, repeat angiography was performed after preprocedure platelet transfusion to > 75 × 10 9 /L, which showed no residual pseudoaneurysm cavity filling or active extravasation, likely due to interval thrombosis (Fig.  3) . No further platelet transfusions were performed the day after 3-month follow-up angiography. Four months after this last angiography session, clinical follow-up revealed that the forehead lump had completely resolved with no further recurrences (Fig. 1C and D) . 19, 22, 25 Others have occurred in the setting of a cavernous hemangioma of the skull, 26 posterior cerebral artery occlusion, 35 neurofibromatosis Type 2, 20 and after aneurysm coiling. 17 In some cases, no associated disease process was found. 6, 30, 37, 38 The association of aneurysms with MAS has not been previously reported. MAS is a sporadic disease consisting of at least 2 of the following 3 features: polyostotic fibrous dysplasia, café au lait skin pigmentation, and/or autonomous endocrine hyperfunction (e.g., gonadotropinindependent precocious puberty, hyperthyroidism, acromegaly, or Cushing syndrome). 3 The estimated prevalence of this disease is between 1 in 100,000 and 1 in 1,000,000 individuals with an embryonic somatic cell mutation that leads to the substitution of His or Cys for Arg at amino acid 201 of the G s alpha subunit, which stimulates cyclic adenosine monophosphate formation. This alteration has been observed in dysgenic endocrine and nonendocrine tissues from patients with MAS, but not in normal-appearing tissues, which is consistent with the mosaic distribution of abnormal cells. 11, 31, 33, 36 Various nonendocrine developmental abnormalities have been described in association with MAS, including congenital biliary atresia; gastrointestinal polyps; hyperplasia of the thymus, spleen, and pancreatic islet cells; microcephaly; and failure to thrive. 33 There are only 2 case reports of meningiomas arising in association with MAS. 4, 8 A report of an orbital and palpebral arteriovenous malformation was described in a patient with MAS; 32 however, vascular anomalies are not associated features of MAS. There are several reports of aneurysmal bone cysts forming in the setting of fibrous dysplasia; 10, 21 however, the imaging and angiographic appearance in this case was not that of an aneurysmal bone cyst. GPS is a rare inherited bleeding disorder characterized by thrombocytopenia and an absence of platelet agranules, resulting in typical gray platelets on peripheral smears. GPS is associated with a bleeding tendency, myelofibrosis, and splenomegaly. Although the underlying molecular basis is still not clear, the disease is caused by mutations in the NBEAL2 gene on chromosome 3. Cases of both autosomal-recessive and autosomal-dominant inheritance patterns exist. 9 Although bleeding episodes are common in patients with GPS, aneurysm formation has not been previously reported in these patients.
Several predisposing factors likely contributed to the development of this patient's MMA intraosseous pseudoaneurysm. Dysplastic distal MMA branches feeding an en plaque meningioma were seen in the right frontal region on angiography. An association between nontraumatic MMA aneurysms and meningiomas may explain the initial formation of an aneurysm. The propensity for aneurysm rupture and inability to thrombose once ruptured in this patient were likely related to GPS and resultant thrombocytopenia. Once the aneurysm ruptured, softness of skull bones due to MAS likely facilitated growth of the pseudoaneurysm within an expanding osseous cavity via progressive scalloping. Once the outer table of the frontal bone was disrupted, the pseudoaneurysm extended into the overlying subcutaneous tissue, leading to the patient's presenting complaint. The multiple underlying diseases contributing to the formation of this patient's pseudoaneurysm are unique and have not been previously reported.
The natural history of nontraumatic MMA aneurysms is unclear because of their rarity. Although some aneu- rysms were found incidentally, several have presented with epidural, subdural, subarachnoid, intraparenchymal, or intraventricular hemorrhage. 15, 16 Given the potential for intracranial hemorrhage or rehemorrhage, it is reasonable to prophylactically treat unruptured MMA aneurysms as well as those that have ruptured. In our case, the decision to treat urgently was based on the presence of an intraosseous pseudoaneurysm and resultant concern for eventual intracranial hemorrhage and/or percutaneous rupture in the setting of progressive enlargement of the aneurysm, GPS and thrombocytopenia, and overlying skin breakdown.
Of the 27 cases of nontraumatic MMA aneurysms that have been reported, approximately half of the patients underwent craniotomy and ligation, coagulation, or resection, 7, 12, 14, 17, [26] [27] [28] [29] [30] 35 ,38 while 6 were treated using endovascular techniques. 16, 19, 20, 22, 25 Coil embolization was performed in 3 cases. 16, 19, 25 In 2 cases the aneurysm and proximal MMA were embolized using n-butyl cyanoacrylate. 20, 22 While Onyx embolization of a traumatic MMA pseudoaneurysm has been reported, 23 this is the first reported case of Onyx embolization of a nontraumatic MMA aneurysm. Use of n-butyl cyanoacrylate and Onyx promotes distal access compared with coils, as the agents can be delivered using smaller microcatheters, allowing for filling of both the aneurysm and the parent artery and thereby reducing the risk of aneurysm recanalization. The lower risk of nontarget embolization in the extracranial circulation also facilitates the use of liquid embolic agents. No established therapy exists, however, and the choice of surgical versus endovascular treatment of MMA aneurysms may be determined by other factors, such as the need for surgical evacuation of a hematoma. In our patient, given the size of the intraosseous pseudoaneurysm, presence of multiple MMA branch feeders, and the surgical risk posed by the presence of GPS and thrombocytopenia, we opted for embolization using a large volume of the Onyx liquid embolic system. While perioperative transfusion of platelets facilitated initial thrombosis of the small residual cavity after Onyx embolization, GPS and chronic thrombocytopenia likely contributed to the recurrence of the lesion several weeks after embolization. The lesion "spontaneously" resolved after the next perioperative platelet transfusion at the time of the 3-month follow-up angiography session, likely due to thrombosis of the slow residual flow into the pseudoaneurysmal cavity seen at the end of the Onyx embolization. This highlights the importance of concomitant management of the underlying coagulopathy in the definitive treatment of this patient's pseudoaneurysm.
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